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outiag the period covered by the preeent ptogrerr reportt 

rmr8l analytic81 rrtudlar were canpleted and reweral new studiea 

have beea initiated. As regards expctiwntal  work, the develop- 

mmt of 8 Kt of demcmntsational models hal been c ~ 1 e t . d  and a 

rrtpa+t, u de8cribed rota fu l ly  below, bar, ban iulaed, qruatiutip. 

axperSmesta1 work on one particular model h8s be- i n i t i 8 k d .  

'2hc campletad studiea may be suaurhed u) follcm: 

1) Ofm rtudp Lo coacerned w t t h  stability of equilibrixm of urn- 

COUSeMt&m C ~ t b U O U 8  O$?Stw with Sl ight  *bg. Spec%- 

fic8llp. the a tab i l i t y  of the equilibrium configuration of 8 linearly 

elaotic 8Ol t .d  (trith or without intatair1 dampiug) rubjected to partial 

follower surface tretioas (noncoruenvatiwe loadin@ ir tmmtigsted,  

Proportion81 loading is conrridered urd it is p r d  that the flutter 

(oocillrtionr, with bcreas- amplitude) load p.rrrpster of tbe un- 

damped ryrtem is au upper baMd for  that  of the system ulth al ight  

dmping, 

equilibrlu rtate with respect to flutter-type motiom, urd ruff lc i -  

eacy condition8 for s t ab i l i t y  w i t h  respect t o  both divergence (or 

buckling) aad f l u t t e r  8re crtabllsl~ed. 

an approximete wtbod for mtabtlity 8aalysis is .-at& which re- 

duces t o  the wu.1 energy criterion for  the u s e  of conrerwatiee 

The necerrary ud rufflcleat cond i t iog fo - r s t ab l l i t y  of the 

B8sed m enetgy comidetstioas, 

loading. 

Thio paper hur been suhittad for publicatfoa by S. Hemat-Wasaer. 

2) bother completed study, authored by J. Boorda urd 1. Hemat- 

Narrser, dealr aith the developmcat of an energy method for s t a b i l i t y  
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Introduce the ad)Oint 8yotem (or field) aad to consider forarlly 8 

con8emmtive process. ihe original field contains an energy aidc and 

in the adjoint field an mew source of SBPI strength Is lncorpor8ted 

In order to -ke the combined field ccmservatlwe. It Is of interest 

to note that the notion of the adjoint field can be introduced also 

in treating nondissipatlve, nonconeervative systems, foe. ,  clynamlc 

system0 subjected to circulatory forces. 

oysteme rubjected to follower forces the consideration of adjoint 

force field. Leads to interesting eoasequences. Indeed, for thio 

class of noncoaoewative oystc~as both the origiaal field and it8 ad- 

joint force field ate aosocl8ted with energy sources, yet the cam- 

blaatiarr of these two fields results in a conservative one. 

In particular, In otructural 

An asample lllu~tr8ting the above considerations has been vorkcd 

out and the study is scheduled for publication In an early Issue of 

the rUrra Jocmrurl, ruthared by S. Naaat-Haseer and Go Herrauaa. 
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a l y r i r  of san-linear non-conservative aprtems. 

paper is to auggest an approx-te method for findiog the relation- 

ship behaen the force parameter and the amplitude of steady-state 

oscillations for nm-li~~at, non-conservative I auton-, dynamic 

878t~~k6. =e method Is barred on the principle of conscmatiai of 

energy; for the caoe of steady-state oscillationr the e n t q y  dir- 

sipated Over a cycle =st equal the energy supplied by external sources. 

The stability of the system ia discussed and an Illustrative problem 

of a systeawlch tvo degrees of freedan Is worked Out in detail. 

me purpose of ai8 

3) In treating dlaoipatlve, dynamic syatem8, which are gwerned 

by nonself-adjoint 1-r operators, It Is often found carveniclat to 
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4) The development of a fundamental set of d e l i  ha6 been com- 

pleted and described in a report, authored by C. Eerrmann, S. Xemt- 

Nasset urd S. N, Ptasad. 

designed and constructed at the Structural Mechanfcr Laboratory of 

Iorthwelrtera Univer~~ity, are described, which aenn the purpocle of 

demonstrating instrbility of equilibrium of nwchraical rystcmr sub- 

jected to follower forcer. 

sipative and are also called circulatory forcer. 

observed to occur by either divergence (static instability, attaiuuent 

of another equilibrium poritioa) or flutter (dynamic instability, 

oscillations vith Increasing amplitudes). 

of these d e l 8  and re&ated ncmcomervative problems of clestfc ata- 

bility considered analytically in the past is hdicsted. 

In this report nine different d e l r ,  

Such forces are noncanservativa, ncmdis- 

Instability is 

The connection betmen s o m  

Qeveral studies are currently in progress, as described belaw: 

1) One study is concerned w i t h  the extent of asymptotic stability. 

When investigating the stability of the equilibrium configuration of 

a dynamic system, one may ask the following questions: 

a) If the system which is initially in an equilibrium state is 

given an arbitrarily mall disturbance, does it remain near 

thbeequilibriur state .nd In addition %a-ad to return t o  the 

equilibrium? 

Thi8 ir the problem of local etabilitx. 

If it dees the systezn is 8spmptotically stable. 

b) What bounds muat ba placed on the magnitude of the initial 

disturbance so that, given a disturbance within there bounds, 

the system will eventually regain its cquilibrlum state7 In 
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other words, what is the extent of aeymptotic stability? 

This is the problem of cltability in the large, 

It is obviously true that i f  the system is to be stable in the 

sense of (b) for same finite initial dieturbance then it mast be 

asymptotically stable ia tbe local ~ m u ~ e .  Serefara one ie con- 

cerned firet uith local stability and secondly, having established 

that, with the extent of stability, 

In this  study the latter problem is investigrted, the system 

being assuned locally stable. 

the initial disturbance, whatever form it takes, must be strong 

enough to enable the system to ctosa a s tab i l i ty  boundary. The 

energy levels a~80~iated with such disturbances are studied +nd 

reveral theorems are derived which place sufficiency conditions OD 

the allowable disturbances, Although most of the thcoreme are 

applicable to both conservative and noncoaservative systems, their 

application to nanconservative problems is emphasized. 

In order to cause a loss of stability 

2) It was found that several different types of noaconservative 

problcme of clastic atability can be put i n  like analytic form by 

the introduction of canplex variables. It terns out that if this 

forarlation is used, a number of interesting tbeorems regarding cer- 

tain destabilizing effecte can be eetablished which throw additional 

light on the behavior of fluid-solid systems, 

3) Quantitative experimental work on a mechanical system con- 

sisting of two articulated risld rods w i t h  a rigid plate attached t o  

the free end and oubjected to an air jet, wbich is placed uniaxially 



5 

w&th the undeformed axis of the system, is in progress and acme 

results have already been obtained in thio rather delicate experi- 

mentation. 

During the period covered by this progress report several 

papers and talks were presented covering the research carried aut 

under the grant. In particular, a paper entitled "An Approxiavte 

Energy athod for Post-Critical Analysis of Noncoaeervatiwe Systems," 

authored by S. Nemat-Nasser, J. Boorda and G. Eerrmmm, vas presented 

at the Fifth U. S. National Congress of Applied Mechanics in wfnne- 

apolis, Minnesota, June 14-17, 1966, 

Torsional Flutter of a Swept W i a g  in a High-Density, Law-Speed Flow" 

by S. N. Prasad, S. N-t-Nasser and G. Eemmnn MI presented at 

the Fourth AIAA Aerospace Science6 Meeting in Loa Angelus, Califam18, 

June 27-29, 1966. Finally, a talk was presented by C. Hefimsam at 

the Space Technology Seminar of the Stanford-Ames-ASEE-NASA 9-r 

Faculty Institute at Stanford Univetsity on August 11, 1966. 

title of the talk was, "Stability of Nonconserqative Elastic Systems." 

Further, a paper "Bending- 

The 


